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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relatesto aninformation processing apparatus, animage capturing system, an information
processing method, and a program. Specifically, the present invention relates to an information processing apparatus
capable of adjusting a noise amount of an image, an image capturing system, an information processing method, and
a program.

Description of the Related Art

[0002] Conventionally, in the case of image capturing by a digital camera, a user performs image capturing by adjusting
capturing parameters, such as the ISO speed, the shutter speed, and the aperture, in accordance with an image capturing
scene. As the technique that assists the operation such as this of a user, the technique to automatically set image
capturing parameters in accordance with a scene is known. For example, Japanese Patent Laid-Open No. 2001-352485
has disclosed the technique used in an image capturing apparatus having the landscape mode and the portrait mode
and which changes the control of the image capturing parameters in accordance with each mode. According to Japanese
Patent Laid-Open No. 2001-352485, the number of subjects whose moving speed is high is small at the time of capturing
a landscape, and therefore, in the landscape mode, the shutter speed is set slow (e.g., about 1 /60 S) and the aperture
is set to a small value. Further, in the portrait mode, in order to obtain an image in which a person is in focus and the
background is blurred, the aperture is nearly fully opened and the shutter speed is set fast.

SUMMARY OF THE INVENTION

[0003] However, the conventional image capturing method has a problem that the amount of noise in a captured image
is not uniform because of the change in the state of the subject and the camera even in the case where the image
capturing mode is fixed. Because of this, in order to obtain an image with the same amount of noise, it is necessary for
a user to adjust the image capturing condition for each scene, and therefore, time and effort are needed. Consequently,
the present invention provides an information processing apparatus (image capturing apparatus) capable of capturing
an image with a desired amount of perceived noise without requiring time and effort of a user.

[0004] The presentinvention in its first aspect provides an information processing apparatus as specified in claim 1.
In a second aspect there is provided an information processing method as set out in accompanying claim 10. In a third
aspect there is provided a program as set out in accompanying claim 11. The program may be carried on a machine
readable medium..

[0005] In a further aspect there is provided an image capturing system including a plurality of image capturing appa-
ratuses and an information processing apparatus that controls the plurality of image capturing apparatuses, wherein
each of the plurality of image capturing apparatuses comprises:

a target noise amount specifying unit configured to acquire a target noise amount as a noise amount that is targeted;
and
an image capturing parameter determination unit configured to determine image capturing conditions based on the
target noise amount, where saidimage capturing conditions are specified by one or more image capturing parameters,
and

the information processing apparatus comprises:

a noise amount range determination unit configured to determine a range that can be taken by a noise amount in
each image capturing apparatus;

a common area calculation unit configured to calculate a common range of a noise amount common to the plurality
of image capturing apparatuses; and

a target noise amount determination unit configured to determine a target noise amount from the common range of
the noise amount.

[0006] The image capturing system according to the further aspect may further comprise an image processing pa-
rameter determination unit configured to determine a parameter related to image processing that an image capturing
apparatus having no common range is caused to perform in a case where there is no common range of the noise amount
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common to all image capturing apparatuses.
[0007] In another aspect there is provided an information processing apparatus configured to control a plurality of
image capturing apparatuses, the information processing apparatus comprising:

a noise amount range determination unit configured to determine a range that can be taken by a noise amount in
each image capturing apparatus;

a common area calculation unit configured to calculate a common range of a noise amount common to the plurality
of image capturing apparatuses; and

a target noise amount determination unit configured to determine a target noise amount from the common range of
the noise amount.

[0008] In yet further aspect there is provided an information processing method for controlling a plurality of image
capturing apparatuses performed by an information processing apparatus, the method comprising:

a noise amount range determination step of determining a range that can be taken by a noise amount in each image
capturing apparatus;

a common area calculation step of calculating a common range of a noise amount common to the plurality of image
capturing apparatuses; and

a target noise amount determination step of determining a target noise amount from the common range of the noise
amount.

[0009] There is further provided a program for causing a computer to perform the method according to the yet further
aspect.

[0010] With the present invention, it is possible to easily acquire an image with an amount of noise desired by a user.
[0011] Further features of the present invention will become apparent from the following description of embodiments
(with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is a block diagram showing a configuration of an image capturing apparatus according to a first embodiment;
FIG. 2 is a block diagram showing a function configuration implemented by a control unit of the image capturing
apparatus according to the first embodiment;

FIG. 3 is a flowchart showing a flow of image processing performed by the control unit of the image capturing
apparatus according to the first embodiment;

FIG. 4 is a Ul displayed on a display of the image capturing apparatus according to the first embodiment;

FIG. 5 is a flowchart showing a flow of image capturing condition determination processing according to the first
embodiment;

FIG. 6is a table holding noise amounts and image capturing conditions corresponding to the noise amounts according
to the first embodiment;

FIG. 7 is a Ul displayed on the display of the image capturing apparatus according to the first embodiment;

FIG. 8 is a flowchart showing a flow of image capturing condition determination processing according to a second
embodiment;

FIG. 9 is a block diagram showing a function configuration implemented by a control unit of an image capturing
apparatus according to a third embodiment;

FIG. 10 is a flowchart showing a flow of image capturing condition determination processing according to the third
embodiment;

FIG. 11 is a block diagram showing a function configuration implemented by a control unit of an image capturing
apparatus according to a fourth embodiment;

FIG. 12 is a flowchart showing a flow of image processing performed by the control unit of the image capturing
apparatus according to the fourth embodiment;

FIG. 13 is a flowchart showing a flow of image capturing condition determination processing according to the fourth
embodiment;

FIG. 14 is a flowchart showing a noise amount calculation method according to the first embodiment;

FIG. 15 is a block diagram showing a function configuration of an image capturing parameter determination unit
according to the first embodiment;

FIG. 16 is a block diagram showing a function configuration of an image capturing parameter determination unit



10

15

20

25

30

35

40

45

50

55

EP 2 860 964 A1

according to the second embodiment;

FIG. 17 is a block diagram showing a function configuration of an image capturing parameter determination unit
according to the third embodiment;

FIG. 18 is a block diagram showing a function configuration implemented by a control unit of an image capturing
apparatus according to a fifth embodiment;

FIG. 19 is a flowchart showing a flow of processing performed by a display control unit according to the fifth em-
bodiment;

FIG. 20 is an example of a screen displayed by the display control unit according to the fifth embodiment;

FIG. 21 is a flowchart showing a flow of processing performed by a display control unit according to a sixth embod-
iment;

FIG. 22 is an example of a screen displayed by the display control unit according to the sixth embodiment;

FIG. 23 is a conceptual diagram of an image capturing system according to a seventh embodiment;

FIG. 24 is a block diagram showing a function configuration implemented by a control unit of an image capturing
apparatus according to the seventh embodiment;

FIG. 25 is a block diagram showing a function configuration of a target noise amount calculation data acquisition
unit according to the seventh embodiment;

FIG. 26 is a table showing a relationship between the brightness value and the noise amount range according to
the seventh embodiment;

FIG. 27 is a block diagram showing a function configuration of a target noise amount calculation unit according to
the seventh embodiment;

FIG. 28 is a flowchart showing a flow of histogram addition processing according to the seventh embodiment;
FIG. 29 is a flowchart showing a flow of conversion processing from the mode into the brightness value according
to the seventh embodiment;

FIG. 30 is a flowchart showing a flow of noise amount range determination processing according to the seventh
embodiment;

FIG. 31 is a block diagram showing a function configuration of a target noise amount calculation unit according to
an eighth embodiment;

FIG. 32 is an example of an image processing parameter table according to the eighth embodiment;

FIG. 33 is a flowchart showing a flow of common area calculation processing according to the eighth embodiment;
FIG. 34 is a diagram for explaining the range that can be taken by the noise amount different for different image
capturing apparatuses according to the seventh embodiment;

FIG. 35 is a diagram for explaining the range that can be taken by the noise amount different for different image
capturing apparatuses according to the eighth embodiment;

FIG. 36 is an operation flowchart of a sub camera according to a ninth embodiment;

FIG. 37 is a Ul displayed on a display of the sub camera according to the ninth embodiment;

FIG. 38 is a Ul displayed on the display of the sub camera according to the ninth embodiment;

FIG. 39 is a Ul displayed on the display of the sub camera according to the ninth embodiment;

FIG. 40 is an example of a noise reference table according to the ninth embodiment; and

FIG. 41 is a Ul displayed on the display of the sub camera according to the ninth embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0013] Hereinafter, embodiments of the present invention are explained with reference to drawings.
[First embodiment]

<Configuration of image capturing apparatus>

[0014] FIG. 1 is a block diagram showing a configuration of an image capturing apparatus 10 according to the first
embodiment, such as a digital camera. The image capturing apparatus 10 includes an optical unit 101, a CCD 102, a
timing signal generation unit 103, an A/D conversion circuit 104, an image processing circuit 105, an encoder/decoder
106, and a control unit 107. Further, the image capturing apparatus 10 includes an input unit 108, a graphic I/F (interface)
109, a display 110, an R/W (reader/writer) 111, a memory card 112, an input/output I/F 113, and a photometric sensor
114. Furthermore, the image capturing apparatus 10 may include a temperature sensor 115. The optical unit 101, the
timing signal generation unit 103, the A/D conversion circuit 104, the image processing circuit 105, the encoder/decoder
106, the input unit 108, the graphic I/F 109, the R/W 111, the input/output I/F 113, and the photometric sensor 114 are
connected to the control unit 107.

[0015] The optical unit 101 includes a lens for condensing light from a subject to the CCD 102, a drive mechanism for
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performing focusing and zooming by moving the lens, a shutter mechanism, an iris mechanism, etc. These are driven
based on control signals from the control unit 107.

[0016] The CCD 102 is driven based on a timing signal output from the timing signal generation unit 103, and converts
incident light from a subject into an image signal, which is an electric signal, and outputs the image signal.

[0017] The timing signal generation unit 103 outputs a timing signal under the control of the control unit 107.

[0018] The A/D conversion circuit 104 carries out A/D conversion of an analog image signal output from the CCD 102
and outputs a digital image signal.

[0019] The image processing circuit 105 performs all or part of camera signal processing, such as demosaicking
processing, white balance processing, color correction processing, AF processing, and AE processing, on a digitalimage
signal output from the A/D conversion circuit 104.

[0020] The encoder/decoder 106 performs compression encoding processing in a predetermined still image data
format, such as the JPEG format, on animage signal from the image processing circuit 105. Further, the encoder/decoder
106 performs decompression decoding processing on encoded data of a still image supplied from the control unit 107.
[0021] The control unit 107 is, for example, a microcontroller including a CPU, a ROM, a RAM, etc., and totally controls
each unit of the image capturing apparatus 10 by executing programs stored in the ROM etc.

[0022] The input unit 108 includes various kinds of operation keys, for example, such as a shutter release button, a
lever, and a dial, and outputs a control signal in accordance with the input operation by a user to the control unit 107.
[0023] The graphic I/F 109 generates an image signal to be displayed on the display 110 from the image signal supplied
from the control unit 107 and supplies the generated signal to the display 110.

[0024] Thedisplay 110 is, for example, a liquid crystal display, and displays the image signal supplied from the graphic
I/F 109. The display 110 displays a camera through image before image capturing, an image recorded in the memory
card 112, etc.

[0025] To the R/W 111, the memory card 112 including a portable flash memory is connected in an attachable/de-
tachable manner as a recording medium storing image data generated by image capturing etc. The R/W 111 writes data
supplied from the control unit 107 to the memory card 112 and outputs data read from the memory card 112 to the
control unit 107. As the recording medium connected to the R/W 111, for example, a writable optical disk or an HDD
may be used, besides the memory card.

[0026] The input/output I/F 113 is a connection terminal, for example, such as a USB, an HDMI (registered trademark),
and an HD-SDI. Via the input/output I/F 113, an image signal recorded in the memory card 112 is transmitted to an
external device, such as a PC.

[0027] The photometric sensor 114 acquires brightness formation of a subject and transmits the information to the
control unit 107.

[0028] The temperature sensor 115 acquires temperature information of an image capturing element and transmits
the information to the control unit 107.

<Basic operation of image capturing apparatus>

[0029] The basic operation of the image capturing apparatus 10 is explained. Before image capturing, light received
by the CCD 102 and photoelectrically converted into a signal is supplied sequentially to the A/D conversion circuit 104.
The A/D conversion circuit 104 converts the signal generated by the CCD 102 receiving light into a digital signal. The
image processing circuit 105 performs image quality correction processing on the digital image signal supplied from the
A/D conversion circuit 104 and supplies the signal to the graphic I/F 109 via the control unit 107 as a signal of a camera
through image. The graphic I/F 109 generates an image signal to be displayed on the display 110 from the image signal
supplied from the control unit 107 and supplies the image signal to the display 110. By the above series of operations,
a camera through image is displayed on the display 110.

[0030] In this state, a user selects a noise amount priority mode as an image capturing mode via the input unit 108
and sets a target noise amount. Here, the target noise amount is a noise amount of an image a user desires to implement.
Afterthat, one or more image capturing conditions under which the target noise amount can be implemented are presented
on the display 110 and the image capturing condition is set manually or automatically. Then, in the case where the
shutter release button of the input unit 108 is pressed down, the control unit 107 outputs control signals to the optical
unit 101 and the timing signal generation unit 103 and operates the shutter of the optical unit 101. Due to this, from the
CCD 102, an image signal is output. The image processing circuit 105 performs image quality correction processing
based on the input of the user on the image signal supplied from the CCD 102 via the A/D conversion circuit 104 and
supplies the image signal after the processing to the encoder/decoder 106. The encoder/decoder 106 compresses and
encodes the input image signal and supplies the generated encoded data to the R/W 111 via the control unit 107. The
encoded data supplied to the R/W 111 is recorded in the memory card 112. Then, in the case where the memory card
112 is connected with an external device, such as a PC, the image data and information on image capturing conditions
recorded in the memory card 112 are output to the external device via the input/output I/F 113.
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<Function configuration>

[0031] The function configuration of the image capturing apparatus 10 is explained. Specifically, processing to deter-
mine image capturing conditions to be used in the image capturing apparatus 10 based on instructions from the control
unit 107 is explained.

[0032] FIG. 2is a block diagram showing a configuration of functions implemented by the control unit 107 of the image
capturing apparatus 10. In FIG. 2, a target noise amount specifying unit 201 is implemented by the control unit 107. The
target noise amount specifying unit 201 acquires an image including a target noise amount specified by a user. FIG. 4
shows an example of a Ul for a user to input a target noise amount. As illustrated in FIG. 4, the screen of the Ul includes
a numerical value input part 401, noise amount adjustment parts 402 and 403, and a noise image display part 404. To
the numerical value input part 401, a numerical value to specify a noise amount a user desires to input a target noise
amount. The noise amount adjustment parts 402 and 403 are buttons to adjust the magnitude of the numerical value of
the target noise amount. On the noise image display part 404, a noise image corresponding to the target noise amount
specified in the numerical value input unit 401 is displayed. Here, a noise image is a general image which is obtained
by a user capturing a subject with the image capturing apparatus 10. An image displayed on the noise image display
part 404 may be an image on which the noise reduction processing has already been performed inside the image
capturing apparatus 10. Generally, a noise reduction processing is performed inside the image capturing apparatus 10,
but an image on which the noise reduction processing has been performed also contains noise components. In order
to adjust the noise amount included in an image while taking a picture or a movie, the noise image display part 404
displays an image to which a user wants to adjust the noise amount (i.e., the noise image). It is possible for a user to
adjust the numerical value of the target noise amount in the noise image by directly inputting the numerical value to the
numerical value input unit 401 or by pressing down the noise amount adjustment parts 402 and 403 while watching the
noise image display part 404.

[0033] In the present embodiment, a user sets a noise amount that the user desires to acquire an image including the
target noise amount. As stated above, an image which is obtained by using the image capturing apparatus 10 contains
noise components. In the present embodiment, a value based on variations in color information of each pixel within the
area in a captured image is defined as the "noise amount". Noise includes various kinds of noise, such as fixed pattern
noise, dark current noise, shot noise, and read noise, but in the present embodiment, the noise amount that is handled
is assumed to be variations in color information that the noise produced by a variety of causes gives to a captured image.
Further, in the present embodiment, the noise amount that a user desires to set, but it may also be possible to take, on
the contrary, the smallness of the noise amount, such as an inverse of the noise amount, to be an evaluation index as
the target amount for "smoothness in an image" and "uniformity”. A calculation method of the noise amount of an image
will be described later.

[0034] In FIG. 2, an image capturing parameter determination unit 202 is implemented by the control unit 107. The
image capturing parameter determination unit 202 determines one or more recommended image capturing conditions
based on the result of the target noise amount specifying unit 201.

<Calculation method of noise amount>

[0035] A method for calculating the noise amount from an image is explained by using a flowchart in FIG. 14.
[0036] First, at step S1401, RGB values of each pixel within an area of, for example, a dark part (e.g., pixel values
are about 10 to 30) in which much noise is produced in an image are acquired. Next, the processing proceeds to step
S1402.

[0037] At step 1402, each of the RGB values within the area is converted into each of XYZ values, which are three
stimulus values. This conversion is carried out by the specified method, such as sSRGB and AdobeRGB. As a specific
example, conversion is carried out by using expressions (1) to (4) below.

Y
R,:£R+aj (1)
B
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X all al2 al3\ R
Y |=| a2l a22 a23||G'| (4)
Z a3l a32 a33)\ B

Here, o, B, v, and a11 to a33 are specified coefficients. Next, the processing proceeds to step S1403.

[0038] At step S1403, the XYZ values corresponding to each pixel are converted into the Lab values by using the
conversion expression specified by CIE. The conversion into the Lab values as explained above is just an example. As
another example, it may also be possible to cause a user to specify a color space of the displayed display and to calculate
the Lab values after carrying out conversion into the color space of the displayed display. Next, the processing proceeds
to step S1404.

[0039] Atstep S1404, for the Lab values of all the pixels within the image area, standard deviations ¢, 6,, and o, are
calculated. Next, the processing proceeds to step 1405.

[0040] At step S1405, a sum of each weighted standard deviation is calculated as an evaluation value V.

V=4oc,+Bo,+(Co, (5)

Next, the processing proceeds to step S1406.
[0041] At step S1406, V'’ is calculated by dividing the evaluation value V obtained at step S1405 by a supposed
maximum value Vmax.

V'=VIV . (6)

Next, the processing proceeds to step S1407.

[0042] At step S1407, whether or not V' is equal to or more than 1 is determined. In the case where it is determined
that V' is equal to or more than 1, the processing proceeds to step S1408 and in the case where it is determined that V'’
is less than 1, the processing proceeds to step S1409.

[0043] At step S1408, a value of 1.0 is calculated as the noise amount. In other words, in the case where V' is equal
to or more than 1, the noise amount is set to 1.0.

[0044] At step S1409, V’ is calculated as the noise amount. In other words, in the case where V'’ is less than 1, V' is
taken to be the noise amount as it is. The noise amount obtained by the above calculation method will be a numerical
value between 0.0 and 1.0.

[0045] Weighing coefficients A, B, and C in the expression (5) are arbitrary coefficients. By determining the weighting
coefficients A, B, and C in advance so that the noise amount to be calculated agrees with the noise amount perceived
by the lightness L and the color components a and b, it is possible to calculate the noise amount that agrees with the
perception.

[0046] The calculation method of the noise amount is not limited to that described above, and for example, it may also
be possible to use the Wiener spectrum or the RMS granularity. Further, as another method, for example, there can
also be considered a method in which an image is converted into a blurred image by applying filtering of a visual spatial
frequency response to the brightness components and then the standard deviation is calculated. Furthermore, in the
case of capturing a moving image, it may also be possible to calculate the noise amount of a moving image by analyzing
images between a plurality of frames.

<lmage processing performed by control unit>

[0047] FIG. 3 is a flowchart of image processing performed by the control unit 107.



10

15

20

25

30

35

40

45

50

55

EP 2 860 964 A1

[0048] First, at step S301, the target noise amount specifying unit 201 acquires the target noise amount specified by
a user and stores the acquired target noise amount in the RAM. Next, the processing proceeds to step S302.

[0049] At step S302, the image capturing parameter determination unit 202 determines image capturing parameters
for obtaining a captured image with the specified target noise amount. The image capturing parameter determination
unit 202 controls the image capturing apparatus 10 so as to capture based on the determined image capturing parameters.

<lmage capturing condition (image capturing parameter) determination processing>

[0050] Next, image capturing parameter determination processing at step S302 in FIG. 3 is explained by using a block
diagram in FIG. 15 and a flowchart in FIG. 5.

[0051] FIG. 15 is a block diagram for explaining a detailed function configuration of the image capturing parameter
determination unit 202. The image capturing parameter determination unit 202 includes a photometric value acquisition
unit 1501 configured to acquire a measurement value from the photometric sensor 114, a determination unit 1502, and
a storage unit 1503 in which a noise amount - image capturing condition table is stored. The determination unit 1502 is
connected with a display unit 1504 for displaying a Ul, which includes the graphic I/F 109 and the display 110. Further,
the determination unit 1502 is connected with the input unit 108 for a user to make a selection on the Ul. Furthermore,
the determination unit 1502 is connected with an image capturing parameter setting unit 1505 configured to set an image
capturing condition to the image capturing apparatus.

[0052] FIG. 5 is a flowchart of image capturing condition determination processing. Referring to FIG. 5, first, at step
S501, the photometric value acquisition unit 1501 acquires an output value (hereinafter, referred to as a photometric
value) of the photometric sensor 114 as brightness information of a subject and sends the photometric value to the
determination unit 1502. In the present embodiment, a reference table for each photometric value, in which the noise
amountand image capturing conditions for capturing an image with the noise amount are associated, is stored in advance
in the RAM or the ROM within the control unit 107 and the relevant table is referred to based on the photometric value
acquired at step S501. FIG. 6 shows an example of the reference table. In FIG. 6, in the leftmost column of the reference
table, the noise amount is described and for each noise amount, setting values (i.e. image capturing parameters) related
to image capturing conditions, such as the ISO speed, the shutter speed, and the aperture, are described. The creation
method of the reference table will be described later. Next, the processing proceeds to step S502.

[0053] Atstep S502, the determination unit 1502 refers to the corresponding table based on the acquired photometric
value. Next, the processing proceeds to step S503.

[0054] Atstep S503, the determination unit 1502 determines whether or not there are image capturing conditions that
can acquire the image including the target noise amount within the table. In the case where it is determined that there
are image capturing conditions that can acquire the image with the target noise amount within the table, the processing
proceeds to step S504 and in the case where it is determined that there are not image capturing conditions that can
acquire the image with the target noise amount within the table, the processing proceeds to step S505.

[0055] At step S504, the determination unit 1502 displays one or more image capturing conditions that can acquire
the image with the target noise amount as candidates on the display unit 1504. FIG. 7 shows an example of the Ul of
the graphic I/F 109 displayed on the display 110. A Ul 400 on which to input the target noise amount includes the
numerical value input part 401 and the noise amount adjustment parts 402 and 403 as in FIG. 4 and to the numerical
value input part 401, a numerical value to specify a noise amount that a user desires to acquire is input as the target
noise amount. Together with the Ul 400, an image capturing condition display part 701 for presenting image capturing
conditions that can implement the target noise amount is displayed. Usually, the number of image capturing conditions
for acquiring the image with the target noise amount is not one, but two or more. Consequently, in the case where there
are two or more candidates of image capturing condition, a plurality of image capturing conditions (setting 1, setting 2,
setting 3) is displayed as illustrated in FIG. 7. Next, the processing proceeds to step S506.

[0056] Atstep S505, the determination unit 1502 causes the display unit 1504 to display a warning display to the effect
that there are not image capturing conditions corresponding to the target noise amount input by a user through the input
unit 108.

[0057] Atstep S506, the determination unit 1502 determines whether or not a user has selected any of the candidates
of image capturing condition. In the case where it is determined that a user has selected any of the candidates of image
capturing condition, the processing proceeds to step S507 and in other cases, the processing returns to step S504.
[0058] Atstep S507, the image capturing parameter setting unit 1505 sets the candidates of image capturing condition
selected by the user as the image capturing condition of the image capturing apparatus.

[0059] In the present embodiment, image capturing conditions corresponding to the noise amount are determined by
using the reference table, but image capturing conditions may be determined by using another method. As another
method, for example, a method is considered, in which image capturing conditions are filtered to those suitable to the
brightness of a subject on a program chart prepared in advance, and then whether or not each of image capturing
conditions can implement the target noise amount is determined and thus the image capturing conditions are determined.
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<Creation method of reference table>

[0060] An example of the creation method of a reference table is explained. First, a target image capturing apparatus
(camera), a color chart including uniform patches in a plurality of colors (Macbeth chart etc.), and a light source capable
of adjusting the amount of light are prepared. Next, under a certain light source, image capturing is performed with an
f-stop that implements an appropriate exposure while changing the ISO speed and the shutter speed, which compose
image capturing conditions of the camera. This image capturing is repeated while changing the amount of light of the
light source. After image capturing under all the conditions is completed, the noise amount is calculated for the area of
each patch of a captured image. Finally, by recording the noise amount of the patch whose noise amount is the largest
(generally, the gray patch of shadow) among the noise amounts of the respective patches and the image capturing
conditions in the reference table, it is possible to create a reference table for each light source. As a method other than
this, it may also be possible to create a reference table in advance for each typical color. In such a case, it is sufficient
to refer to the noise table of the color whose noise amount is the largest for the color distribution of a subject at the time
of image capturing.

[0061] Here, the general relationship between each of the ISO speed, the shutter speed, and the aperture, and the
noise amount in the reference table is explained. In the case where the ISO speed is increased, both the fixed pattern
noise and the random noise increase and the noise amount of the entire image increases. In the case where the shutter
speed is set slower, the fixed pattern noise increases, and therefore, the noise amount of the entire image increases.
The aperture does not affect the noise amount in the case where image capturing is performed with an appropriate
exposure, but in the case where the aperture is opened and the amount of light to the sensor is increased more than
the appropriate exposure, the noise amountreduces. In the reference table, besides the above-described image capturing
parameters, the ND filter that adjusts the amount of light and the model of the lens may be combined.

[0062] As above, according to the present embodiment, a user sets a desired noise amount as a parameter "target
noise amount" and image capturing conditions in accordance with the target noise amount are presented by the image
capturing apparatus. Consequently, it is possible for a user to obtain a captured image with a desired noise amount by
setting the presented image capturing condition. Further, by presenting a plurality of image capturing conditions that
implement the target noise amount to a user and thus giving alternatives, itis possible to increase the degree of freedom
in image capturing of a user.

[Second embodiment]

[0063] In the first embodiment, in the case where there is a plurality of image capturing conditions that can acquire
the image with the target noise amount, it is necessary for a user to manually select and set an image capturing condition.
Consequently, in the present embodiment, there is provided an image capturing apparatus that automatically sets an
image capturing condition that can acquire the image with the target noise amount based on the image capturing
parameter that is prioritized, such as in the where the aperture is prioritized or the shutter speed is prioritized.

[0064] In the present embodiment, the configuration of the image capturing apparatus, the function configuration of
the control unit (CPU) of the image capturing apparatus, and the basic operation of the image processing performed by
the control unit are the same as those in the first embodiment (see FIG. 1 to FIG. 3).

[0065] Here, the operation of the image capturing parameter determination unit 202 in the present embodiment is
explained by using a block diagram in FIG. 16 and a flowchart in FIG. 8.

[0066] Referring to FIG. 16, the image capturing parameter determination unit 202 includes the photometric value
acquisition unit 1501, the determination unit 1502, and the storage unit 1503 in which the noise amount - image capturing
condition table is stored, and this is the same as in the first embodiment. Further, the determination unit 1502 is connected
with the input unit 108, the display unit 1504, and the image capturing parameter setting unit 1505, and this is also the
same as in the first embodiment. The present embodiment differs from the first embodiment in that the image capturing
parameter determination unit 202 includes a camera setting acquisition unit 1601 configured to acquire a setting condition,
such as an image capturing mode of the image capturing apparatus (camera).

[0067] Subsequently, FIG. 8 is referred to. Steps S501 to S503, and S505 in FIG. 8 are the same as steps S501 to
S503, and S505 in FIG. 5, and therefore, explanation is omitted. Hereinafter, a difference between the present embod-
iment and the first embodiment is explained.

[0068] At step S801, the determination unit 1502 determines whether or not there exists a plurality of candidates of
image capturing condition. In the case where it is determined that there exists a plurality of candidates of image capturing
condition, the processing proceeds to step S803 and in the case where it is determined that there exists only one
candidate of image capturing condition, the processing proceeds to step S802.

[0069] At step S802, the image capturing parameter setting unit 1505 automatically sets the candidate of image
capturing condition as the image capturing condition in the case where there exists only one candidate, or sets the
candidate of image capturing condition specified manually by a user from the plurality of candidates as the image
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capturing condition.

[0070] At step S803, the camera setting acquisition unit 1601 acquires the a setting condition of the camera, such as
the shutter speed priority mode and the aperture priority mode, and determines whether or not there is an image capturing
parameter that is prioritized. In the case where it is determined that there is an image capturing parameter that is
prioritized, the processing proceeds to step S804 and in the case where it is determined that there is no image capturing
parameter that is prioritized, the processing proceeds to step S805.

[0071] At step S804, the determination unit 1502 filters image capturing conditions in accordance with the image
capturing parameter that is prioritized. For example, in the case where the setting of the camera is the shutter speed
priority mode, the determination unit 1502 filters image capturing conditions while prioritizing the current shutter speed.
Further, it may also be possible to filter image capturing conditions while fixing any one or more image capturing pa-
rameters, such as while prioritizing the aperture and also fixing the ISO speed. Furthermore, it may also be possible to
filter image capturing conditions in accordance with the image capturing parameter prioritized by each image capturing
mode, such as the landscape mode and the portrait mode. Next, the processing returns to step S503.

[0072] At step S805, in the case where there is no image capturing parameter that is prioritized, and therefore, it is
not possible to filter image capturing conditions, the determination unit 1502 displays a plurality of candidates of image
capturing condition on the display unit 1504. Next, the processing proceeds to step S806.

[0073] At step S806, the determination unit 1502 determines whether or not there is specification from a user. In the
case where it is determined that there is specification from a user, the processing moves to step S802 and in the case
where it is determined that there is no specification from a user, the image capturing condition determination processing
is exited.

[0074] As above, according to the present embodiment, in the case where there is a plurality of image capturing
conditions that can implement the target noise amount, the image capturing apparatus automatically determines image
capturing conditions by taking into consideration in advance the image capturing parameter prioritized by a user, and
therefore, it is possible for a user to do without time and effort to filter and select an image capturing condition.

[Third embodiment]

[0075] Ingeneral, as the temperature rises, the fixed pattern noise increases and the noise amount of the entire image
increases. However, in the first embodiment, in the case where the temperature of the image capturing element of the
image capturing apparatus (camera) changes, it is not possible to acquire the image including the exact noise amount.
Consequently, in the present embodiment, there is provided an image capturing apparatus capable of obtaining an
image with a noise amount desired by a user even in the case where the temperature of the image capturing element
changes. In the present embodiment, the configuration of the image capturing apparatus is the same as that in the first
embodiment, and therefore, explanation is omitted (see FIG. 1).

[0076] FIG.9is ablock diagram showing a function configuration implemented by the control unit of the image capturing
apparatus according to the present embodiment. In FIG. 9, the target noise amount specifying unit 201 acquires the
target noise amount input by a user as in the first embodiment. An image capturing element temperature acquisition unit
901 acquires the temperature of the image capturing element from the temperature sensor 115. In the present embod-
iment, the image capturing parameter determination unit 202 corrects the target noise amount acquired by the target
noise amount specifying unit 201 based on the result of the image capturing element temperature acquisition unit 901.
[0077] Here, the operation of the image capturing parameter determination unit 202 in the present embodiment is
explained by using a block diagram in FIG. 17 and a flowchart in FIG. 10.

[0078] Referring to FIG. 17, the image capturing parameter determination unit 202 includes the photometric value
acquisition unit 1501, the determination unit 1502, and the storage unit 1503 in which the noise amount -image capturing
condition table is stored, and this is the same as in the first embodiment. Further, the determination unit 1502 is connected
with the display unit 1504 and the image capturing parameter setting unit 1505, and this is also the same as in the first
embodiment.

[0079] The present embodiment differs from the first embodiment in that the image capturing parameter determination
unit 202 further includes a target noise amount correction unit 1701 configured to correct the target noise amount based
on temperature information from the temperature sensor 115. Further, the present embodiment differs from the first
embodiment in that the determination unit 1502 connects with the input unit 108 via the target noise amount correction
unit 1701.

[0080] Referring to FIG. 10, first, at step S1001, the photometric value acquisition unit 1501 acquires a photometric
value. Next, the processing proceeds to step S1002.

[0081] At step S1002, the target noise amount correction unit 1701 acquires temperature T from the temperature
sensor 115. Next, the processing proceeds to step S1003.

[0082] At step S1003, the target noise amount correction unit 1701 corrects the target noise amount based on the
temperature. The corrected target noise amount is calculated by expression (7) below set in advance.
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P=Rexpl(T-1)) (7)

[0083] In the expression (7), P is a target noise amount specified by a user at the temperature T and P is a target
noise amount at reference temperature T,. Further, k is a coefficient derived from the relationship between the target
noise amount and the temperature, and is also a coefficient affecting the ISO speed. As is seen from the expression
(7), the noise amount of an image tends to increase as the temperature rises. The expression to derive the corrected
target noise amount changes depending on the definition of the target noise amount P and is not limited to that in the
present embodiment. In the present embodiment, as in the first embodiment, the reference table in which the noise
amount and the image capturing condition are associated is stored in the storage unit 1503. Here, it is assumed that
the reference table held by the storage unit 1503 is for setting the image capturing conditions at the reference temperature
To. Consequently, in the present embodiment, based on the temperature T acquired by the temperature sensor, the
target noise amount P specified by a user is corrected by using expression (8) below. The expression (7) is modified as
below.

B =Plexpt(T~1;)) (8)

In the expression (8), a corrected target noise amount P to be referred to in the table is calculated from the temperature
T of the temperature sensor and the target noise amount P from a user. In other words, in the case where the temperature
T is higher than the reference temperature T, the denominator in the expression (8) is equal to or more than 1, and
therefore, a value smaller than the target noise amount P specified by a user is referred to as the corrected target noise
amount Pg. Further, in the case where the temperature T is lower than the reference temperature T, the denominator
in the expression (8) is less than 1, and therefore, a value larger than the target noise amount P specified by a user is
referred to as the corrected target noise amount Py,

[0084] Subsequent steps S502 to S507 are the same as steps S502 to S507 in FIG. 5, and therefore, explanation is
omitted.

[0085] In the present embodiment, only the reference table for the reference temperature is stored in the storage unit
and the noise amount to be referred to is changed in accordance with the temperature of the image capturing element
acquired by the temperature sensor, but the present invention is not limited to this. For example, in an aspect in which
the reference tables corresponding to a plurality of temperatures are stored in the storage unit, it may also be possible
to refer to the table in accordance with the temperature acquired by the temperature sensor.

[0086] As above, according to the present embodiment, the image capturing conditions are determined in accordance
with the temperature information of the image capturing element acquired by the temperature sensor, and therefore, it
is possible to appropriately implement the noise amount of an image.

[Fourth embodiment]

[0087] In the first embodiment, image capturing conditions are determined by referring to the table in which the noise
amount and image capturing parameters are associated. Further, in the third embodiment, by taking into consideration
the temperature from the temperature sensor, the noise amount of a captured image is controlled with high accuracy.
However, there is case where the image with a desired noise amount is not obtained due to the reflection characteristics
of a subject, the environmental factors, the change of the image capturing apparatus with the passage of time, etc., even
by performing image capturing under the image capturing condition determined in the above-described embodiments.
Consequently, in the present embodiment, the noise amount is calculated from a captured image and image capturing
conditions (image capturing parameters) are modified.

[0088] In the present embodiment, the configuration of the image capturing apparatus is the same as that in the first
embodiment, and therefore, explanation is omitted (see FIG. 1). Here, a block diagram showing a function configuration
implemented by the control unit of the image capturing apparatus according to the present embodiment is shown in FIG.
11. Referring to FIG. 11, the present embodiment is the same as the third embodiment in including the target noise
amount specifying unit 201, the image capturing element temperature acquisition unit 901, and the image capturing
parameter determination unit 202 (see FIG. 9). The present embodiment differs from the third embodiment in further
including a noise amount calculation unit 1101 configured to calculate the noise amount of a captured image. In the
present embodiment, image capturing parameters are corrected based on the noise amount of a captured image cal-
culated by the noise amount calculation unit 1101. In the present embodiment, the function configuration of the image
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capturing parameter determination unit 202 is the same as that in the third embodiment, and therefore, explanation is
omitted (see FIG. 17).

<lmage processing performed by control unit>

[0089] FIG. 12is a flowchart of image processing performed by the control unit 107. Steps S301 and S302 in FIG. 12
are the same as those in the first embodiment, and therefore, explanation is omitted (see FIG. 3).

[0090] Atstep S1201 after step S302, the noise amount calculation unit 1101 calculates the noise amount of a captured
image. Then, in the case where the difference between the calculated noise amount and the target noise amount is
large, the image capturing parameter determination unit corrects the image capturing parameters. Hereinafter, the
operation at step S1201 is explained in detail by using a flowchart in FIG. 13.

[0091] First, at step S1301, an image is acquired by performing image capturing with the image capturing parameters
determined at step S302. Next, the processing proceeds to step S1302.

[0092] At step S1302, the noise amount calculation unit 1101 calculates the noise amount from the image acquired
at step S1301. The calculation method of the noise amount is the same as the method explained in the first embodiment.
Next, the processing proceeds to step S1303.

[0093] At step S1303, the determination unit 1502 determines whether or not the noise amount calculated from the
captured image is close to the target value. In the present embodiment, explanation is given on the assumption that the
target noise amount specified by a user has the same meaning as that of the noise amount calculated at step S1302.
The determination unit 1502 compares the target noise amount P that is targeted and a noise amount P’ calculated from
the captured image by using the expression (6), and determines whether or not the absolute value of the difference
between the target noise amount P and the calculated noise amount P’ is equal to or less than a predetermined value
in accordance with expression (9) below.

I[P - P'| £ x (9)

[0094] In the expression (9), x is an arbitrary numerical value and is a threshold value used to evaluate the difference
between noise amounts. In the case where the absolute value of the difference is equal to or less than x, it is determined
that the noise amount targeted by the user is implemented for the captured image and then the processing proceeds to
step S1304. In the case where the absolute value of the difference is larger than the predetermined value, itis determined
that the noise amount targeted by the user is notimplemented for the captured image and then the processing proceeds
to step S1305. In the present embodiment, explanation is given on the assumption that the noise amount calculated at
step S1302 and the target noise amount specified by a user have the same meaning, but they may not have the same
meaning. In such a case, it is sufficient to store the correspondence relationship between the noise amount of the
captured image and the target noise amount in advance by using a table or a mathematical expression and to change
the noise amount calculated from the captured image into the target noise amount and then to compare the target noise
amount with the target noise amount that is targeted.

[0095] Atstep S1304,the determination unit 1502 presents animage capturing condition. Specifically, the determination
unit 1502 displays the image capturing condition on the display unit 1504.

[0096] Atstep S1305, the determination unit 1502 determines whether or not there are other suitable image capturing
conditions. In the case where it is determined that there are other suitable image capturing conditions, the processing
proceeds to step S1306 and in the case where it is determined that there are no more image capturing conditions to be
changed, the processing proceeds to step S1307.

[0097] At step S1306, the determination unit 1502 changes the image capturing condition (image capturing parame-
ters). Inthe changing method of the image capturing condition, for example, in the case where the noise amount calculated
from the captured image is larger than the target noise amount that is targeted, the target noise amount is reduced and
then the image capturing condition is changed by referring to the table in which the noise amount and the image capturing
parameters are associated. Next, the processing returns to step S1301 and image capturing is performed under the
changed image capturing condition and thus an image is acquired again.

[0098] At step S1307, the determination unit 1502 displays a warning display to the effect that there are no image
capturing conditions corresponding to the target noise amount input by the user on the display unit 1504.

[0099] As above, according to the present embodiment, the noise amount is calculated for an actually captured image
and then an image capturing condition is determined, and therefore, it is made possible to determine an image capturing
condition that implements the desired noise amount more faithfully with high accuracy.
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[Fifth embodiment]

[0100] In the first to fourth embodiments, a user sets an image capturing condition by selecting a recommended image
capturing condition presented by the image capturing apparatus or the image capturing apparatus automatically sets
the recommended image capturing condition. Here, in the case where a user further adjusts the image capturing condition
by him/herself without depending on the recommended image capturing conditions, it is difficult to check how much the
noise amount has occurred with respect to the target.

[0101] Consequently, an image capturing apparatus according to the present embodiment further includes a display
control unit configured to display the relationship between the noise amount of a captured image and the target noise
amount. With the image capturing apparatus according to the present embodiment, it is made possible for a user to
easily adjust the image capturing condition while grasping the noise amount of a captured image. In the present em-
bodiment, the configuration of the image capturing apparatus is the same as that in the first embodiment, and therefore,
explanation is omitted (see FIG. 1) .

[0102] A block diagram showing a function configuration implemented by the control unit of the image capturing
apparatus according to the present embodiment is shown in FIG. 18. Referring to FIG. 18, the present embodiment is
the same as the fourth embodiment in including the target noise amount specifying unit 201, the image capturing element
temperature acquisition unit 901, the noise amount calculation unit 1101, and the image capturing parameter determi-
nation unit 202 (see FIG. 11). The present embodiment differs from the fourth embodiment in further including a display
control unit 1801 configured to control a display based on the result by the target noise amount specifying unit 201 and
the result by the noise amount calculation unit 1101.

[0103] Next, the operation of the display control unit 1801 is explained by using a flowchart in FIG. 19.

[0104] First, at step S1901, the display control unit 1801 acquires the target noise amount P from the target noise
amount specifying unit 201.

[0105] Next, at step S1902, the display control unit 1801 acquires the noise amount P’ for the captured image from
the noise amount calculation unit 1101.

[0106] Nest, at step S1903, the display control unit 1801 calculates a difference Q between the target noise amount
P acquired at step S1901 and the noise amount P’ acquired at step S1902.

Q=P" - P (10)

[0107] Finally, at step S1904, the display control unit 1801 displays the value of Q calculated at step S1903 on the
display 110. Alternatively, as illustrated in FIG. 20, it may also be possible to indicate the relationship between the target
noise amount P and the noise amount P’ by displaying an indicator 2002 with respect to a scale pointer 2001 indicating
the target noise amount. The indicator 2002 is displayed to the left of the scale pointer 2001 in the case where the noise
amount of the captured image is smaller than the target noise amount and is displayed to the right of the scale pointer
2001 in the case where the noise amount of the captured image is larger than the target noise amount.

[0108] As above, according to the present embodiment, by displaying the relationship between the noise amount of
a captured image and the target noise amount, the current noise amount is displayed with respect to the target noise
amount each time a user changes the image capturing condition, and therefore, it is made possible for a user to adjust
the image capturing condition while checking the noise amount.

[Sixth embodiment]

[0109] By the fifth embodiment, it is possible to make clear the relationship between the noise amount that is targeted
and the current noise amount calculated from a captured image. However, in the case where image capturing parameters
are adjusted by the manual operation, it is unclear to a user how to adjust each image capturing parameter in order to
bring the noise amount of a captured image to the noise amount that is targeted.

[0110] Consequently,inthe presentembodiment, thereis provided animage capturing apparatus capable of presenting
the adjustment direction of the image capturing parameter in order to approach the noise amount that is targeted in the
captured image. In the present embodiment, the configuration of the image capturing apparatus and the function con-
figuration implemented by the control unit of the image capturing apparatus are the same as those in the fifth embodiment,
and therefore, explanation is omitted (see FIG. 1 and FIG. 18). In the present embodiment, the display control unit 1801
performs display control based on the result by the image capturing parameter determination unit 202. Hereinafter,
processing performed by the display control unit 1801 in the present embodiment is explained by using a flowchart in
FIG. 21.

[0111] First, at step S2101, the display control unit 1801 acquires the current image capturing parameters (i.e., the
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current ISO speed, the current f-stop (F-number), and the current shutter speed) as the current image capturing param-
eters currently set to the image capturing apparatus.

[0112] Next, at step S2102, the display control unit 1801 acquires the recommended image capturing condition from
the image capturing parameter determination unit 202.

[0113] Next, at step S2103, the display control unit 1801 calculates a difference A between determined recommended
image capturing condition and the current image capturing condition for each parameter of the recommended image
capturing condition by using expressions (11) to (13) below.

A ISO = (the ISO speed of the recommended image capturing

condition) - (the current ISO speed) (11)

A F = (the F-number of the recommended image capturing

condition) - (the current F-number) (12)

A shutter speed = (the shutter speed of the recommended image

capturing condition) - (the current shutter speed) (13)

[0114] Finally, at step S2104, the display control unit 1801 displays information on the difference value calculated at
step S2103 on the display 110. An example of this display is shown in FIG. 22. In FIG. 22, an arrow 2201 indicates the
adjustment direction of the image capturing parameter. The adjustment direction of the image capturing parameter is a
direction in which the image capturing parameter should be adjusted in order to acquire an image with the noise amount
that is targeted. In the present embodiment, the adjustment direction is indicated by the arrow, but the present invention
is not limited to this. For example, it may also be possible to represent the adjustment direction by a color or to display
the next image capturing condition in order to bring the noise amount closer to the target value.

[0115] As above, according to the present embodiment, it is made clear how to adjust the image capturing parameter
in order to implement the noise amount desired by a user, and therefore, it is made possible for a user to easily adjust
the image capturing parameter.

[Seventh embodiment]

[0116] In the first to sixth embodiments, the mechanism in which image capturing is performed under the image
capturing condition that can implement the target noise amount specified by a user is described. However, in the case
where a plurality of image capturing apparatuses is used simultaneously as shown in FIG. 23, by the method according
to the first to sixth embodiment, it is necessary for a user to set an image capturing condition for each image capturing
apparatus in order to capture images with about the same noise amount by all the image capturing apparatuses. The
reason is that the range that can be taken by the noise amount in the captured image is different for each image capturing
apparatus.

[0117] Consequently, in the present embodiment, there is provided an apparatus in which all image capturing appa-
ratuses are capable of capturing images with about the same noise amount. In the present embodiment, first, the range
that can be taken by the noise amount, which is the evaluation value common between the image capturing apparatuses,
in each image capturing apparatus is found.

[0118] An outline of the present embodiment is explained by using image capturing apparatuses A, B, and C having
different ranges that can be taken by the noise amount as shown in FIG. 34 as an example. First, from the ranges that
can be taken by the noise amount of the respective image capturing apparatuses A, B, and C, the range common
between all the image capturing apparatuses is found. Next, from the common range, the target noise amount is deter-
mined, which is the target value with which the noise amounts of all the image capturing apparatuses will be about the
same. By setting the image capturing parameters of the image capturing apparatuses A, B, and C based on the target
noise amount, the noise amounts of all the image capturing apparatuses are made about the same.
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<Configuration of the entire system>

[0119] FIG. 23 is a conceptual diagram showing a system including a plurality of image capturing apparatuses and
an information processing apparatus (PC) for calculating the target noise amount according to the present embodiment.
In the present embodiment, it is assumed that the configuration of the image capturing apparatus 10 is the same as that
in the first embodiment (see FIG. 1). A PC 2300 includes a target noise amount calculation unit 2301 configured to
control the aperture, the exposure time (shutter speed), the ISO speed, etc., based on information sent from the image
capturing apparatus 10, a ROM 2302, and a RAM 2303. Image quality control processing performed by the image
capturing apparatus 10 and target noise amount calculation processing performed by the PC 2300 will be described later.

<lmage quality control processing performed by (CPU of) image capturing apparatus>

[0120] FIG. 24 is a block diagram showing a function configuration implemented by the control unit 107 included in
the image capturing apparatus 10 according to the present embodiment. With reference to FIG. 24, the function config-
uration of the control unit 107 according to the present embodiment is explained along the flow of the processing in the
control unit 107.

[0121] From aterminal 2401, a digital image (hereinafter, called an inputimage) having been subjected to processing
in the image processing circuit 105 is input. From a terminal 2412, information on the aperture, the exposure time, and
the ISO speed of the optical unit 101 is input. From a terminal 2414, sensor temperature information indicative of the
current degrees Celsius of the temperature sensor 115 is input. The image capturing element temperature acquisition
unit 901 acquires the sensor temperature information and sends the information to a target noise amount calculation
data acquisition unit 2402.

[0122] The target noise amount calculation data acquisition unit 2402 acquires data necessary to determine the range
of the noise amount unique to each image capturing apparatus 10 and transmits the data to the PC 2300 through a
terminal 2403. Noise amount determination data acquisition processing will be described later. From a terminal 2404,
the target noise amount transmitted from the PC 2300 is input through the input/output I/F 113.

[0123] The determination unit 1502 receives the target noise amount transmitted from the PC 2300 and determines
image capturing conditions based on the target noise amount. The specific processing is the same as that in the first
embodiment, and therefore, explanation is omitted (see S502 in FIG. 5).

[0124] The image capturing parameter setting unit 1505 controls the image capturing apparatus based on the image
capturing condition for obtaining a captured image with the target noise amount. From a terminal 2407, the image
capturing condition determined by the determination unit 1502 is output to the optical unit 101. From a terminal 2408,
the image capturing condition determined by the determination unit 1502 is output to the image processing circuit 105.
From a terminal 2409, the image processing parameters transmitted from the PC 2300 are input.

[0125] Animage processing parameter update unit 2410 receives the image processing parameters and updates the
image processing parameters of the image processing circuit 105.

<Processing to acquire data for target noise amount calculation>

[0126] FIG. 25 is a block diagram showing a configuration of the target noise amount calculation data acquisition unit
2402. Hereinafter, the target noise amount calculation data acquisition processing performed by the target noise amount
calculation data acquisition unit 2402 is explained by using FIG. 25. Via a terminal 2501, the input image having been
subjected to processing in the image processing circuit 105 is acquired.

[0127] Next, a table reference unit 2502 acquires a table T1 indicating the relationship between the brightness value
of the image capturing apparatus 10 and the noise amount range corresponding to the brightness value from a ROM,
not shown. Here, the brightness value is a value calculated from the f-stop, the exposure time, and the ISO speed.
Further, in the table T1, the range that can be taken by the noise amount at the time of image capturing a subject having
a certain brightness value with a variety of the apertures, the exposure times, and the ISO speeds and the brightness
value are related to each other. An example of the table T1 is shown in FIG. 26. The table reference unit 2502 stores
the acquired table T1 in a RAM, not shown.

[0128] Next, a histogram calculation unit 2503 calculates a histogram based on the pixel values of the input image.
This is explained specifically. First, in the case where the inputimage has RGB values, the RGB values are normalized
into values between 0 and 1 and then are converted into YUV signal values by using expressions below.

Y =0.299R+0.587G+0.114B (14)
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U=-0.169R-0.3316G +0.5008 (15)

V' =0.500R -0.4186G - 0.08138 (16)

[0129] Then, the Y signal values are classified into values between 0 and 1 at intervals of 0.01 and a histogram of the
Y signal value in all the pixels of the inputimage is calculated. Then, the calculated histogramis stored in a RAM, notshown.
[0130] Next, a brightness value calculation unit 2505 acquires information on the aperture, the exposure time, and the
ISO speed of the optical unit 101 via a terminal 2504 and calculates the brightness value of the subject based on the
information. Specifically, by expression (17) and expression (18) based on the APEX standards used as the digital
camera image format standards of the Japanese Industrial Standards, the value corresponding to a brightness signal
value of 0.18 at the time of normalizing the brightness signal values into values between 0 and 1 is calculated as a
brightness value B.

B=3.42x2" (17)

S
=2log, F+log, T +log, —— (18
P 25 25 25 3125 (18)

Here, the unit of the brightness value is [cd/m?2], F is the f-stop, T is the exposure time [sec], and S is the ISO speed.
[0131] Next, from aterminal 2506, sensor temperature information indicative of the current degrees Celsius transmitted
from the temperature sensor 115 is acquired and then is stored in the RAM. Next, from a terminal 2507, the table T1,
the histogram, the brightness value B, and the sensor temperature information stored in the RAM are transmitted to the
target noise amount calculation unit 2301 of the PC 2300 as target noise amount calculation data through the input/output
I/F 113.

[0132] In the embodiment described above, in the brightness value calculation unit 2505, the brightness value B is
calculated from the aperture, the exposure time, and the ISO speed, but the calculation method of the brightness value
is not limited to this, and a method for acquiring the photometric value from the exposure meter within the image capturing
apparatus may be used.

<Target noise amount calculation processing>

[0133] FIG. 27 is a block diagram showing a function configuration of the target noise amount calculation unit 2301.
The target noise amount calculation processing is performed after the PC 2300 receives the target noise amount cal-
culation data transmitted from all the image capturing apparatuses within the system. The target noise amount calculation
unit 2301 stores the table T1, the histogram, the brightness value B, and the sensor temperature information that are
received in the RAM 2303, and reads the target noise amount calculation program from the ROM 2302 and executes
the program. Hereinafter, the target noise amount calculation processing is explained by using FIG. 27.

[0134] A target noise amount setting method acquisition unit 2701 acquires the setting method of the target noise
amount input by a user operating the GUI of the PC 2300. In the following, explanation is given by using the minimum
value setting that uses the minimum value, the average value setting that uses an average value, etc., as an example
of the setting method of the target noise amount, but the setting method of the target noise amount is not limited to those.
Further, it may also be possible to use a method specified in advance in the PC 2300 as the setting method of the target
noise amount in place of the method set by a user.

[0135] A histogram addition unit 2702 acquires the histograms of all the image capturing apparatuses that the target
noise amount calculation unit 2301 has received through a terminal 2709. The histogram addition unit 2702 calculates
an added histogram in which all the histograms are added by adding the acquired histograms. The specific histogram
addition processing will be described later.

[0136] A maximum frequency calculation unit 2703 calculates the Y signal component whose frequency is the highest
in the captured images of all the image capturing apparatuses as a mode by using the added histogram calculated by
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the histogram addition unit 2702. Specifically, the mode is calculated by expression (19) below.

Y =h"'(max(Hc(Y))) (19)

Here, Yn is a discrete value of the Y signal values classified into values between 0 and 1 at intervals of 0.01, Hc (Yn) is
a frequency of each Y signal value of the added histogram, h- (m) is a function representing the Y signal value corre-
sponding to the mode m, and Ym is the Y signal value of the mode.

[0137] A brightness value conversion unit 2704 acquires the brightness value B from a terminal 2710. Then, the
brightness value conversion unit 2704 calculates the brightness value corresponding to the mode calculated by the
maximum frequency calculation unit 2703 by using the acquired brightness value B. The conversion processing into the
brightness value corresponding to the mode will be described later.

[0138] A noise amount range determination unit 2705 acquires the table in which the range of the noise amount of
each image capturing apparatus and the brightness value are associated and the sensor temperature information of
each image capturing apparatus from aterminal 2711. Then, the noise amount range determination unit 2705 determines
the range of the noise amount at the brightness value corresponding to the mode for each image capturing apparatus
by using the table, the sensor temperature information, and the brightness value corresponding to the mode. The
processing to determine the range of the noise amount will be described later.

[0139] A common area calculation unit 2706 calculates a common range of the noise amount common to all the image
capturing apparatuses from the range of the noise amount of each image capturing apparatus. In the case where it is
assumed that the range of the noise amount of a certain image capturing apparatus i is between Emin (i) and Emax (i),
it is possible to calculate the minimum value and the maximum value of the common range from expression (20) and
expression (21) below.

Ec_.. = max(£'min(0), £ min(l), £ min(2),..., £ min(f),...) (20)

Ec_ . = min(£ max(0), £ max(l), £ max(2),..., E max(i),...) (21)

Here, Ec,, is the minimum value of the common range and Ec,,, is the maximum value of the common range.
[0140] A target noise amount determination unit 2707 sets a target noise amount from the common range of the noise
amount based on the target noise amount setting method that is set. For example, in the case where the target noise
amount setting method is the minimum value setting that uses the minimum value, a target noise amount Ed is set to
the minimum value of the common range of the noise amount. Further, in the case where the target noise amount setting
method is the average value setting that uses the average value, the target noise amount Ed is set to the average value
of the common range of the noise amount. After the set target noise amount Ed is transmitted to each image capturing
apparatus through a terminal 2712, the target noise amount calculation program is exited.

<Histogram addition processing>

[0141] FIG. 28 is a flowchart showing a flow of the histogram addition processing performed by the histogram addition
unit 2702. Hereinafter, the histogram addition processing is explained by using FIG. 28.

[0142] At step S2801, the histogram addition unit 2702 acquires the histogram of the image capturing apparatus and
the added histogram for accumulation by reading from the RAM 2303. Next, the processing proceeds to step S2802.
[0143] At step S2802, the histogram addition unit 2702 adds the added histogram and the histogram of the image
capturing apparatus. Addition is performed in accordance with expression (22) below.

He(Y,) = Ho(Y,) + H(Y,) (22)

Here, H (Yn) is the frequency in the case where the Y signal value is Yn and Hc (Yn) is the added frequency in the case
where the Y signal value is Yn. In other words, in the expression (22), the frequency is added for each group of the Y
signal value. Next, the processing proceeds to step S2803.
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[0144] At step S2803, the histogram addition unit 2702 stores the added histogram Hc in the RAM 2303. Next, the
processing proceeds to step S2804.

[0145] At step S2804, the histogram addition unit 2702 determines whether the processing at steps S2801 to S2803
has been performed for the histograms of all the image capturing apparatuses. In the case where it is determined that
the processing has been performed for the histograms of all the image capturing apparatuses, the histogram addition
processing is exited, and in other cases, the processing returns to step S2801 and the addition processing for the
histogram of the next image capturing apparatus is performed.

<Conversion processing from mode into brightness value>

[0146] FIG. 29 is a flowchart showing a flow of the conversion processing from the mode into the brightness value
performed by the brightness value conversion unit 2704. Hereinafter, the conversion processing from the mode into the
brightness value is explained by using FIG. 29.

[0147] At step S2901, the brightness value conversion unit 2704 acquires the brightness value B transmitted from a
certain image capturing apparatus i. Next, the processing proceeds to step S2902.

[0148] At step S2902, the brightness value conversion unit 2704 calculates the brightness value Bi corresponding to
the mode Ym from the mode Ym and the brightness value B. Here, the brightness value B is the brightness value
corresponding to the value equivalent to a brightness signal value of 0.18 at the time of normalizing the brightness signal
values into values between 0 and 1, and the Y signal and the brightness value are in the linear relationship, and therefore,
the brightness value B is the brightness value in the case where Y = 0.18. Consequently, the brightness value Bi
corresponding to the mode in the image capturing apparatus i is found from expression (23) below.

[0149] At step S2903, the brightness value conversion unit 2704 determines whether the brightness value Bi corre-
sponding to the mode has been calculated for all the image capturing apparatuses. In the case where it is determined
that the brightness value Bi has been calculated for all the image capturing apparatuses, the conversion processing
from the mode into the brightness value is exited, and in other cases, the processing returns to step S2901 and the
conversion processing from the mode into the brightness value for the next image capturing apparatus is performed.

<Noise amount range determination processing>

[0150] FIG. 30 is a flowchart showing a flow of the noise amount range determination processing performed by the
noise amount range determination unit 2705. Hereinafter, the noise amount range determination processing is explained
by using FIG. 30.

[0151] At step S3001, the noise amount range determination unit 2705 acquires the table T1 of the image capturing
apparatus i. Next, the processing proceeds to step S3002.

[0152] Atstep S3002, the noise amount range determination unit 2705 determines the range of the noise amount from
the brightness value Bi corresponding to the mode and the table T1. Specifically, it is only required to search for the
brightness value that agrees with Bi from the brightness values of the table T1 and to determine the noise amount range
corresponding to the brightness value that agrees with Bi. In the case where the relevant brightness value is not searched
for as the result of searching the table T1, it may also be possible to determine the noise amount range corresponding
to the brightness value smaller than and closest to the brightness value Bi corresponding to the mode and the noise
amount range corresponding to the brightness value larger than and closest to the brightness value Bi, and then to
determine the noise amount range of the brightness value Bi corresponding to the mode by interpolating the noise
amount ranges. Next, the processing proceeds to step S3003.

[0153] At step S3003, the noise amount range determination unit 2705 acquires the sensor temperature information
transmitted from the image capturing apparatus. Next, the processing proceeds to step S3004.

[0154] At step S3004, the noise amount range determination unit 2705 corrects the noise amount range by taking into
consideration the sensor temperature information. The correction of the noise amount range is performed by using the
expression (7) described above in the third embodiment. Next, the processing proceeds to step S3005.

[0155] At step S3005, the noise amount range determination unit 2705 determines whether the noise amount range
determination processing has been performed for all the image capturing apparatuses. In the where it is determined
that the noise amount range determination processing has been performed for all the image capturing apparatuses, the
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noise amount range determination processing is exited, and in other cases, the processing returns to step S3001 and
the noise amount range determination processing for the next image capturing apparatus is performed.

[0156] As described above, in the present embodiment, in the image capturing system including a plurality of image
capturing apparatuses, the range that can be taken by the noise amount is calculated for each image capturing apparatus
from the image capturing conditions of the image capturing apparatus and the noise amount common between the image
capturing apparatuses is calculated from the range that can be taken by the noise amount of each image capturing
apparatus. Then, based on the common noise amount, the target noise amount is calculated and the image capturing
apparatus is controlled based on the calculated target noise amount. Because of this, it is possible to make uniform the
image quality of all the image capturing apparatuses.

[Eighth embodiment]

[0157] In the seventh embodiment, the case is explained where the range common to all the image capturing appa-
ratuses is found from the noise amount range each image capturing apparatus can take. However, there is a case where
the common range that can be taken by the noise amount is not found depending on the combination of image capturing
apparatuses (e.g., the case as in FIG. 35), such as in the case where image capturing apparatuses of different models
are used, and therefore, by the method in the seventh embodiment, there is such a problem that it is not possible to
calculate the target noise amount in this case.

[0158] Consequently, in the present embodiment, a method for determining the target noise amount in the case where
there is no noise amount range common to all image capturing apparatuses is described.

[0159] An outline of the present embodiment is explained by using the case shown in FIG. 35 as an example. First,
the target noise amount is determined based on the noise amount ranges that the image capturing apparatuses B and
C can take. For the image capturing apparatus A not having the common range, the image capturing condition is set,
under which the range of the image capturing apparatus A becomes closest to the common range of the image capturing
apparatuses B and C. Further, in order to bring the noise amount of the image capturing apparatus A to those of the
image capturing apparatuses B and C, the image processing is applied. By the processing such as this, even in the
case where there is no noise amount range common to all the image capturing apparatuses, it is possible to make about
the same the noise amounts of the image capturing apparatuses. Hereinafter, the present embodiment is explained with
the portions different from those in the seventh embodiment being focused on.

<Target noise amount calculation processing>

[0160] FIG. 31 is a block diagram showing a function configuration of the target noise amount calculation unit 2301.
The target noise amount calculation unit 2301 is implemented by the CPU of the PC 2300. The target noise amount
calculation unit 2301 stores the received target noise amount calculation data in the RAM 2303, reads the target noise
amount calculation program from the ROM 2302, and executes the program. Hereinafter, the target noise amount
calculation processing is explained by using FIG. 31.

[0161] The target noise amount setting method acquisition unit 2701, the histogram addition unit 2702, the maximum
frequency calculation unit 2703, the brightness value conversion unit 2704, the noise amount range determination unit
2705, and the target noise amount determination unit 2707 in FIG. 31 are the same as those in the seventh embodiment,
and therefore, explanation is omitted.

[0162] Thecommon area calculation unit2706 calculates the common range of the noise amount. The specific common
range calculation processing will be described later.

[0163] A determination unit 3101 determines whether the set target noise amount is included within the ranges of the
noise amount of all the image capturing apparatuses. Specifically, the determination unit 3101 determines whether or
not the noise amount range removed at step S3306, to be described later, because of being beyond the common range
is stored in the RAM 2303. In the case where it is determined that the noise amount range removed because of being
beyond the common range is not stored in the RAM 2303, it is concluded that the target noise amount is within the noise
amount ranges of all the image capturing apparatuses, and a target noise amount Ed is transmitted to each image
capturing apparatus, and then the target noise amount calculation program is exited. In the case where it is determined
that the noise amount range having been removed is stored in the RAM 2303, the processing to adjust the noise amount
of the image capturing apparatus not having the common noise amount range to the target noise amount is performed
in an image processing parameter determination unit 3102.

[0164] Theimage processing parameter determination unit 3102 calculates parametersrelated to the image processing
(hereinafter, referred to as image processing parameters) which the image capturing apparatus whose noise amount
Ed is beyond the noise amount range is caused to perform. By causing the image capturing apparatus to perform the
image processing in accordance with the image processing parameters, the noise amount of the image capturing ap-
paratus is caused to agree with the target noise amount. In specific processing of the image processing parameter
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determination processing, first, the noise amount range of the image capturing apparatus is read from the RAM 2303.
Next, from the ROM 2302, an image processing parameter table T2 indicating the correspondence relationship between
the target noise amount and the image processing parameters corresponding to the noise amount is read. FIG. 32 shows
an example of the image processing parameter table T2. In the table illustrated in FIG. 32, evaluation values of the noise
amount are described in the column direction and evaluation values of the target noise amount are described in the row
direction.

[0165] Explanation is given by using the case where the target noise amountis 0.1 and the noise amount is 0.2 as an
example. In this case, in order to bring the noise amount close to the target noise amount, it is necessary to perform
filter processing to reduce noise. Here, by referring to the image processing parameter table T2, it is known that the filter
coefficient of the relevant filter is k = [0.3, 0.4, 0.3]. Here, for simplification, the filter coefficient is represented as a one-
dimensional one. The PC 2300 transmits the filter coefficient k as an image processing parameter to the image capturing
apparatus having no common noise amount range. As another example, the case is explained where the target noise
amount is 0.2 and the noise amount is 0.1. In this case, in order to bring the noise amount close to the target noise
amount, it is necessary to add noise. Here, by referring to the image processing parameter table T2, it is necessary to
perform random noise addition processing with a variance o of 0.3. Consequently, the PC2300 transmits the variance
of noise to be added as an image processing parameter to the image capturing apparatus having no common noise
amount range.

[0166] By the above, itis possible to calculate the image processing parameter necessary to make uniform the image
quality and to send the parameter to the image capturing apparatus having no common noise amount range.

<Common range calculation processing>

[0167] FIG. 33is a flowchart showing a flow of common range calculation processing performed by the common area
calculation unit 2706. Hereinafter, the common range calculation processing is explained by using FIG. 33.

[0168] At step S3301, the common area calculation unit 2706 calculates the common range of the noise amount
common to all the ranges of the noise amount from the range of the noise amount of each image capturing apparatus.
The specific processing is the same as the processing in the common area calculation unit 2706 in the seventh embod-
iment, and therefore, explanation is omitted. In the present embodiment, as in the seventh embodiment, it is assumed
that the minimum value of the common range of each image capturing apparatus for the noise amount is Ec,;;, and the
maximum value is Ec .

[0169] At step S3302, the common area calculation unit 2706 determines whether there is a noise amount range
common to all the image capturing apparatuses by using expression (24) below. In the case where there is a noise
amount range common to all the image capturing apparatuses, the expression (24) is satisfied.

Ec,, <Ec,, (24)

max

[0170] In the case where the expression (24) is satisfied, the common range is calculated as a common portion to all
the image capturing apparatuses, and therefore, the common range calculation processing is exited. In the case where
the expression (24) is not satisfied, the processing proceeds to step S3303.

[0171] At step S3303, the common area calculation unit 2706 calculates an average value Eave of the maximum
values and the minimum values of all the noise amount ranges. Specifically, the average Eave is calculated by using
expression (25) below.

N-1

E,. =2 (Emin(i)+ Emax(i)) (25)
IN 5

i=

Here, iis the index of each image capturing apparatus and Emin (i) and Emax (i) are the minimum value and the maximum
value, respectively, of the noise amount range of the image capturing apparatus i. Next, the processing proceeds to
step S3304.

[0172] At step S3304, the common area calculation unit 2706 calculates a distance between the average value Eave
of the noise amount range and Ec,,;, and a distance between the average value Eave and Ec,,,, by using expression
(26) and expression (27) below.
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Dmin= |Ecmjn -k,

(26)

e

Dmax = |EcmaX ~-E, .

(27)

Next, the processing proceeds to step S3305.

[0173] At step S3305, the common area calculation unit 2706 searches for the image capturing apparatus having the
noise amount range beyond the common range by using the distances Dmin and Dmax and the noise amount ranges
of all the image capturing apparatuses and excludes the noise amount range from the target of the common range to
be examined. Specifically, in the case where Dmin > Dmax, the noise amount range of the image capturing apparatus
i having Ecy,j, (i) is excluded. Further, in the case where Dmin < Dmax, the noise amount range of the image capturing
apparatus i having Ec,4 (i) is excluded. Next, the processing proceeds to step S3306.

[0174] At step S3306, the common area calculation unit 2706 stores the noise amount range of the image capturing
apparatus i excluded at step S3305 in the RAM 2303. Next, the processing returns to step S3301.

[0175] In the present embodiment, image processing parameters are set and transmitted to the image capturing
apparatus i. Then, the control unit 107 of the image capturing apparatus i receives the image processing parameters.
In the operation of the image quality control, the histogram addition unit 2702 updates the parameters so that the filter
processing of the filter coefficient k acquired by the filter processing unit of the image processing circuit 105 is performed.
Alternatively, the parameters are updated so that the image processing circuit 105 adds random noise with the variance .
[0176] As above, according to the present embodiment, also in the case where there is no common range of the noise
amount among the image capturing apparatuses, it is possible to make uniform the image quality among all the image
capturing apparatuses by additionally performing image processing.

[Ninth embodiment]

[0177] In the seventh and eighth embodiments, the method for making uniform the noise amounts different from
camera to camera is explained.

[0178] In the present embodiment, in capturing by using a plurality of cameras including a main camera and a sub
camera, a method for determining an image capturing condition of the sub camera under which the noise amount of the
sub camera is the same as that of the main camera by setting the image capturing condition and the noise amount of
the main camera on the sub camera side is explained. The camera configuration in the present embodiment is the same
as that in the first to sixth embodiments, and therefore, explanation is omitted. Hereinafter, the operation of the sub
camera in the present embodiment is explained by using a flowchart in FIG. 36.

[0179] First, at step S3601, on the display 110 on the sub camera side, a Ul on which to select a main camera model
is displayed. An example of the Ul is shown in FIG. 37. In FIG. 37, reference numeral 3700 denotes the entire diagram
of the Ul, 3701 denotes a model name display part where the models of a plurality of main cameras are displayed, 3702
and 3703 denote selection parts to select the camera model name, 3704 denotes a Determine button to determine the
model, and 3705 denotes a selected model display part where the currently selected model is displayed in a highlighted
state. A user adjusts the selection parts 3702 and 3703 while watching the model name display part 3701 and presses
down the Determine button 3704 finally. The cameral model names displayed in the part 3701 may be contents stored
in advance in the RAM or ROM within the control unit 107 within the sub camera or the result of acquiring the models
of the main cameras existing in the vicinity by wireless communication may be displayed.

[0180] Next, at step S3602, whether a main camera has been selected by the user is determined. In the case where
a main camera has been selected, the processing proceeds to step S3603. In the case where no main camera has been
selected yet, the processing returns to step S3601.

[0181] Next, at step S3603, a Ul on which to select a method for setting an image capturing condition is displayed on
the display 110.

[0182] An example of the Ul is shown in FIG. 38. In FIG. 38, reference numeral 3800 denotes the entire diagram of
the Ul, 3801 denotes a display part where a camera model name selected by a user at step S3601 is displayed, and
3802 to 3804 denote parts to select a kind of method for setting an image capturing condition: the part 3802 is used to
manually input an image capturing condition, the part 3803 to acquire a condition currently set in the main camera, and
the part 3804 to select a captured moving image within the main camera to set an image capturing condition. Hereinafter,
a method for setting each image capturing condition is explained.
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<Manual setting of an image capturing condition of the main camera>

[0183] At step S3604, whether Manual input has been selected is determined. In the case where Manual input has
been selected, the processing proceeds to step S3605. In the case where Manual input has not been selected, the
processing proceeds to step S3609.

[0184] Next, at step S3605, a Ul of a user input screen on which a user inputs manually is displayed on the display
110. An example of the Ul is shown in FIG. 39. In FIG. 39, reference numeral 3900 denotes the entire diagram of the
Ul, 3901 denotes a display part where the camera model name selected by a user at step S3601 is displayed, 3902
denotes an input part where the ISO speed is input, 3903 denotes an input part where the shutter speed is input, 3904
denotes an input part where the aperture is input, and 3905 denotes a Determine button used to transmit an image
capturing condition to the control unit 107.

[0185] Next, at step S3606, whether the Determine button 3905 in FIG. 39 has been pressed by a user is determined.
In the case where the button has been pressed, the processing proceeds to step S3607. In the case where the button
has not been pressed, the processing returns to step S3606 and the display of the user input screen is maintained.
[0186] Next, at step S3607, an image capturing condition of the sub camera corresponding to the image capturing
condition of the main camera is determined. In the present embodiment, it is assumed that a noise reference table of
the sub camera itself similar to that in the first embodiment and a noise reference table for each main camera as shown
in FIG. 40 are stored in the RAM or ROM within the control unit 107 within the sub camera. Here, a method for determining
an image capturing condition of the sub camera is explained. First, the control unit 107 reads the reference table
corresponding to the model of the main camera selected by a user. Further, the control unit 107 reads the table whose
photometric value is the same as that of current sub camera. Finally, the control unit 107 acquires the noise amount
corresponding to the ISO speed, the shutter speed, and the aperture set by the user. Due to this, it is possible to grasp
the noise amount in the case where the main camera photographs the scene in which the sub camera is currently placed.
The image capturing condition of the sub camera under which the same noise amount as that of the main camera is
obtained is determined by the same method as that in the first embodiment. Further, in the case where there is a plurality
of image capturing conditions under which a desired noise amount is obtained, an image capturing condition closest to
the image capturing condition of the main camera is selected. In this manner, it is made possible to bring the image
quality other than the noise amount of the main camera to that of the sub camera.

[0187] Next, at step S3608, the control unit 107 sets an image capturing condition for the optical unit 101, the A/D
conversion circuit 104, and the image processing circuit 105 of the sub camera so that the condition determined at step
S3607 is implemented.

<lmage capturing condition setting of main camera by communication connection>

[0188] Next, a method for directly acquiring an image capturing condition from the main camera connected by com-
munication is explained as a method for setting an image capturing condition of the main camera other than Manual input.
[0189] At step S3609, whether communication can be established between the sub camera and the main camera is
determined. In the case where communication can be established, the processing proceeds to step S3610. In the case
where communication is not established yet, the processing proceeds to step S3603 and the state where the Ul of the
method for setting an image capturing condition is displayed is maintained.

[0190] Next, at step S3610, whether the button 3803 to acquire the current image capturing condition of the main
camera has been pressed by a user on the Ul 3800 is determined. In the case where the button has been pressed, the
processing proceeds to step S3611. In the case where the button has not been pressed, the processing proceeds to
step S3612.

[0191] Next, atstep S3611, the currentimage capturing condition of the main camera is acquired. The image capturing
condition to be acquired includes at least one of the ISO speed, the f-stop, the shutter speed, the ND filter, and the lens
model. It may also be possible to directly acquire the noise amount set on the main camera side other than the above-
described image capturing condition.

[0192] Next, as in the case of Manual input, the processing proceeds to steps S3607 and S3608 and the image
capturing condition of the sub camera is set. In the case where the noise amount has been acquired in advance in
addition to the image capturing condition of the main camera, it is recommended to set the image capturing condition
of the sub camera by selecting the reference table of the sub camera by which the same noise amount is obtained at
step S3607. At this time, the image capturing condition on the sub camera side close to the image capturing condition
of the main camera is selected.

<lmage capturing condition setting by selecting captured moving image of main camera>

[0193] Next, a method for setting an image capturing condition based on captured moving image data recorded within
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the main camera from the main camera connected by communication is explained.

[0194] At step S3612, whether the button 3804 to select an image capturing condition from a captured moving image
has been pressed by a user on the Ul 3800 is determined. In the case where the button has been pressed, the processing
proceeds to step S3613. In the case where the button has not been pressed, the processing returns to step S3603.
[0195] Next, at step S3613, information of the captured moving image data recorded within the main camera is trans-
mitted to the sub camera and is displayed on a Ul on the display 110 of the sub camera as thumbnail images. An example
of the Ul is shown in FIG. 41. In FIG. 41, reference numeral 4100 denotes the entire diagram of the Ul, 4101 denotes
a display part where a cameral model name selected by a user at step S3601 is displayed, 4102 denotes a thumbnail
image of the captured moving image recorded in the main camera, 4103 denotes a selected part where a thumbnail
image currently selected by a user is displayed in a highlighted state, 4104 and 4105 denote selected image moving
parts to select another thumbnail image, 4106, 4107, and 4108 denote image capturing condition display parts where
the ISO speed, the shutter speed, and the aperture are displayed, respectively, which are the image capturing condition
of the moving image selected in the selected part 4103, 4109 denotes a noise amount display part where the noise
amount of the moving image selected in the selected part 4103 is displayed, and 4110 denotes a Determine button used
to transmit the image capturing condition of the selected moving image to the control unit 107.

[0196] Next, as in the case of Manual input, the processing proceeds to steps S3607 and S3608 and the image
capturing condition of the sub camera are set. This time, it is recommended to set the image capturing condition of the
sub camera by selecting the reference table of the sub camera by which the same noise amount as that of the main
camera is obtained at step S3607. At this time, the image capturing condition on the sub camera side close to the image
capturing condition of the main camera is selected.

[0197] As above, according to the present embodiment, it is made possible to easily determine the image capturing
condition of the sub camera close to the noise amount of the main camera by setting the model and the image capturing
condition of the main camera on the sub camera side. Further, it is made possible to select the image capturing condition
of the sub camera close to the image capturing condition of the main camera by inputting information on the image
capturing condition of the main camera to the sub camera, and therefore, it is made possible to bring the image quality
other than noise between cameras.

[Other embodiments]

[0198] Embodiments of the present invention can also be realized by a computer of a system or apparatus that reads
out and executes computer executable instructions recorded on a storage medium (e.g., non-transitory computer-read-
able storage medium) to perform the functions of one or more of the above-described embodiment (s) of the present
invention, and by a method performed by the computer of the system or apparatus by, for example, reading out and
executing the computer executable instructions from the storage medium to perform the functions of one or more of the
above-described embodiment (s). The computer may comprise one or more of a central processing unit (CPU), micro
processing unit (MPU), or other circuitry, and may include a network of separate computers or separate computer
processors. The computer executable instructions may be provided to the computer, for example, from a network or the
storage medium. The storage medium may include, for example, one or more of a hard disk, a random-access memory
(RAM), a read only memory (ROM), a storage of distributed computing systems, an optical disk (such as a compact disc
(CD), digital versatile disc (DVD), or Blu-ray Disc (BD)™), a flash memory device, a memory card, and the like.

[0199] While the presentinvention has been described with reference to exemplary embodiments, itis to be understood
that the invention is not limited to the disclosed exemplary embodiments.

Claims
1. Aninformation processing apparatus comprising:

a target noise amount specifying unit (201) configured to acquire a target noise amount as a noise amount that
is targeted; and

an image capturing parameter determination unit (202) configured to determine image capturing conditions
based on the target noise amount, wherein the image capturing conditions are specified by one or more image
capturing parameters.

2. The information processing apparatus according to claim 1, wherein

the one or more image capturing parameters include at least one of an ISO speed, an f-stop, a shutter speed, an
ND filter, and a lens model.
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The information processing apparatus according to claim 1, further comprising a setting acquisition unit configured
to acquire a setting condition of an image capturing apparatus, wherein

the determined image capturing conditions are filtered based on the acquired setting condition of the image capturing
apparatus.

The information processing apparatus according to any one of claims 1 to 3, further comprising an image capturing
element temperature acquisition unit configured to acquire the temperature of an image capturing element, wherein
the target noise amount is corrected based on the acquired temperature.

The information processing apparatus according to claim 1, wherein

the image capturing parameter determination unit determines the image capturing conditions by selecting the image
capturing conditions in a case where there is a plurality of image capturing conditions obtained based on the target
noise amount.

The information processing apparatus according to any one of claims 1 to 5, wherein
the noise amountis a value based on variations in color information of each pixel in a specific areain a captured image.

The information processing apparatus according to any one of claims 1 to 6, further comprising a noise amount
calculation unit configured to calculate a noise amount of a captured image, wherein
the image capturing conditions are changed based on the calculated noise amount of the captured image.

The information processing apparatus according to claim 1, further comprising a display control unit configured to
display a noise amount of a captured image with respect to a target noise amount.

The information processing apparatus according to claim 8, wherein
the display control unit displays adjustment directions of the image capturing parameters with respect to the current
image capturing parameters based on the result of the image capturing parameter determination unit.

10. An information processing method comprising:

acquiring a target noise amount as a noise amount that is targeted; and
determining image capturing conditions based on the target noise amount, wherein the image capturing con-
ditions are specified by one or more image capturing parameters.

11. A program comprising computer executable instructions for causing a computer to perform the method of claim 10.

12. A machine readable medium carrying the program according to claim 11.
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